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Abstract

We measured condensation particle (CP) concentrations and particle size distributions
at the coastal Antarctic station Neumayer (70◦39′ S, 8◦15′W) during two summer cam-
paigns (from 20 January to 26 March 2012 and 1 February to 30 April 2014) and during
polar night between 12 August and 27 September 2014 in the particle diameter (Dp)5

range from 2.94 to 60.4 nm (2012) and from 6.26 to 212.9 nm (2014). During both sum-
mer campaigns we identified all in all 44 new particle formation (NPF) events. From 10
NPF events, particle growth rates could be determined to be around 0.90±0.46 nm h−1

(mean±SD; range: 0.4 to 1.9 nm h−1). With the exception of one case, particle growth
was generally restricted to the nucleation mode (Dp < 25 nm) and the duration of NPF10

events was typically around 6.0±1.5 h (mean±SD; range: 4 to 9 h). Thus in the main,
particles did not grow up to sizes required for acting as cloud condensation nuclei. NPF
during summer usually occurred in the afternoon in coherence with local photochem-
istry. During winter, two NPF events could be detected, though showing no ascertain-
able particle growth. A simple estimation indicated that apart from sulfuric acid, the15

derived growth rates required other low volatile precursor vapours.

1 Introduction

The crucial role of aerosols as a key component in governing radiation transfer through
the Earth’s atmosphere and thus their pivotal role in determining climate, has boosted
aerosol research activities and strongly promoted our knowledge on this topic. The de-20

cisive role of aerosols in radiative forcing is even amplified since they potentially act
as condensation nuclei for cloud droplets, thus influencing radiation transfer indirectly
(Haywood and Boucher, 2000; Ramanathan et al., 2001; Carslaw et al., 2013; Rosen-
feld et al., 2014). In particular due to the latter effect, involving inherently complicated
feedback mechanisms, aerosols still notoriously contribute to the largest uncertainty25

in estimating climate forcing (for a comprehensive treatise we refer to Boucher et al.,
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2013 and references therein). One focus of interest in aerosol research is dedicated to
questions regarding new particle formation (NPF), the dominant global particle source
generating so-called secondary aerosol (Spracklen et al., 2006). This process starts
with the nucleation of gaseous precursors to molecular clusters (Zhang et al., 2012)
followed by particle growth to sizes potentially relevant for acting as cloud condensa-5

tion nuclei (CCN; Spracklen et al., 2008; Bzdek and Johnston, 2010).
Concerning the marine troposphere, recent research activities documented the

global importance of natural secondary aerosol and revealed that apart from dimethyl
sulfide (DMS) derived sulfuric acid (H2SO4), especially marine volatile organic com-
pounds (VOC) but also reactive iodine species mediate particle nucleation and growth10

(O’Dowd et al., 2002a, b; Henze and Seinfeld, 2006; O’Dowd and de Leeuw, 2007;
Facchini et al., 2008a; McFiggans et al., 2010). Notably in terms of secondary aerosol
formation, the virtually completely ice covered and thus effectively source free Antarc-
tic continent represents an outstanding case: surrounded and isolated by the Southern
Ocean from other continents, NPF should be inherently linked with the advection of15

marine air masses. Apart from some earlier work reporting on the frequent occurrence
of bimodal particle size distributions below 100 nm in coastal Antarctica (Ito, 1985,
1993; Jaenicke et al., 1992), NPF has been recently described for several Antarc-
tic sites. Most extensive measurements were conducted at the Finnish station Aboa
(73◦03′ S, 13◦25′W, 496 ma.s.l.), located on a nunatuk about 130 km from the sea (Ko-20

ponen et al., 2003; Asmi et al., 2010; Kyrö et al., 2013). Asmi et al. (2010) reported
on NPF events showing growth rates (GR) within the nucleation mode between 0.8
and 2.5 nmh−1, while in a subsequent summer campaign, significantly higher GR be-
tween 1.8 and 8.8 nmh−1 were found and particle growth usually extended well into
the Aitken mode (Kyrö et al., 2013). A thorough data analysis by Kyrö et al. (2013)25

revealed that most probably biogenic precursors originating from local melting ponds
provided low volatile vapour needed for the observed particle growth. Hence this study
was the first one indicating that (biogenic) emissions from continental Antarctic could
be a source for secondary aerosol formation and relativized the source free charac-
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ter of continental Antarctica. Regarding the Antarctic Plateau, NPF events reported
from South Pole were ascribed to local contamination (Park et al., 2004). In contrast,
during year-round measurements at Dome C (75◦06′ S, 123◦23′ E, 3200 ma.s.l.) sev-
eral NPF events could be observed throughout the year, mostly associated with par-
ticle growth starting from the nucleation into the Aitken mode (Järvinen et al., 2013).5

Most surprisingly, growth rates tentatively appeared even higher compared to Aboa
(median considering all events: 2.5 nmh−1, range: 0.5 to 14.1 nmh−1; Järvinen et al.,
2013). Complementary to these local field investigations, dedicated modelling studies
can give spatially inclusive and comprehensive insights regarding sources and mech-
anisms of NPF and the influence on CCN concentrations in the remote atmosphere of10

the Southern Ocean. Korhonen et al.’s (2008) work revealed a weaker impact of DMS
derived secondary aerosol on marine CCN concentrations at high southern latitudes,
largely caused by much stronger sea spray emissions south of 45◦ S. This study also
emphasized the importance of NPF in the free troposphere followed by particle growth
during entrainment into the marine boundary layer. Yu and Luo’s (2010) investigations15

targeted on modelling DMS derived NPF around coastal Antarctica and demonstrated
that ion-mediated nucleation can reasonably predict the observed seasonality of con-
densation particle (CP) concentrations at coastal Antarctica.

Our present work ties in with a previous publication that examined the climatology of
CP concentrations at the German Antarctic research station Neumayer (Weller et al.,20

2011a). This precedent study indicated the importance of particle nucleation occurring
even during late winter and early spring in determining particle number concentrations.
In the current study we will entirely focus on the dynamics of particle size distribution
and NPF, relying on two dedicated summer campaigns in 2012 and 2014, as well as
a measuring period during austral winter (August and September 2014).25
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2 Experimental techniques and data evaluation methods

2.1 Site description and instrumentation

All experiments were conducted inside the Air Chemistry Observatory located close
to Neumayer Station (NM, 70◦39′ S, 8◦15′W, http://www.awi.de/en/go/air_chemistry_
observatory, last access: 24 March 2015). Measuring site, prevailing local meteoro-5

logical conditions, characteristics of the air inlet system, and finally aspects of con-
tamination free sampling have already been described in some detail and we refer to
König-Langlo et al. (1998) and Weller et al. (2011a, and references therein).

The size distribution of the sub-µm aerosol at NM was determined by a scanning mo-
bility particle sizer (SMPS, TSI classifier model 3080; Wang and Flagan, 1990). During10

austral summer 2012, i.e. from 20 January through 26 March, the classifier was oper-
ated with a so-called nano-DMA (nano differential mobility analyser, TSI Model 3085) in
combination with a condensation particle counter (CPC, TSI model WCPC 3788, 50 %
cut-off diameter Dp(50 %) of 2.5 nm). We adjusted aerosol and sheath flow to achieve
nominal aerosol size distribution measurements between 2.02 and 63.8 nm with a 6415

channel resolution. Note that the SMPS primarily measured the electrical mobility of
particles which was finally converted by a known transfer function to the correspond-
ing particle mobility diameter Dp. Due to increased uncertainty caused by diffusional
losses and cut-off corrections for the used CPC, we evaluated the data starting from
2.94 nm. All size spectra were multiple charge and diffusion corrected according to the20

TSI software AIM (Aerosol Instrument Manager®). The original spectra were taken with
a scanning time of 120 s (retrace time 15 s) and the average size distribution of 4 con-
secutive spectra was stored for further evaluation, resulting in a temporal resolution
of 600 s (duty cycle 480 s). During 2014 the measuring period was from 1 February
through 30 April and from 12 August through 27 September. Due to technical problems25

we could not run the SMPS with the same configuration as in 2012, but used here
a DMA model 3081 in combination with a CPC 3025A (TSI, Dp(50 %) of 3 nm). Now, the
air flow ratio was adjusted to enable size distribution measurements in the range be-
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tween 6.26 and 212.9 nm. Note that due to the geometry of the DMA 3081, inherently
longer particle residence time entailed perceptible particle losses resulting in enhanced
uncertainties in the size distribution below 10 nm. Referred to Dal Maso et al. (2005),
we will use the terms nucleation mode for particles with Dp < 25 nm and Aitken mode
for the size range 25 nm≤ Dp < 100 nm throughout the text.5

Particle size distributions were evaluated along with continuous long-term condensa-
tion particle (CP) concentration measurements (CPC 3022A, TSI, Dp(50 %) of 7 nm) and
the ionic composition of the aerosol. For the latter, bulk aerosol sampling was regularly
conducted in 24 h time periods using a teflon and a nylon filter in series (all 1 µm pore
size). According to Piel et al. (2006) and Weller and Lampert (2008) samples were10

analyzed by ion chromatography for methane sulfonate (CH3SO−3 , MS), Cl−, Br−, NO−3 ,

SO2−
4 , Na+, NH+

4 , K+, Mg2+, and Ca2+.
Meteorological data were available from the Meteorological Observatory at NM

(a description of the observatory itself and the installed meteorological sensors
can be found under: http://www.awi.de/en/infrastructure/stations/neumayer_station/15

observatories/meteorological_observatory/, last access: 24 March 2015). The origin
of the advected air masses was assessed by 5 days backward trajectories provided by
HYSPLIT 4.0 (Hybrid Single-Particle Lagrangian Integrated trajectory; http://www.arl.
noaa.gov/documents/reports/hysplit_user_guide.pdf, last access: 24 March 2015). For
all trajectory calculations we used GDAS meteorological data with a spatial resolution20

of 1◦×1◦ (longitude× latitude grid). HYSPLIT trajectories also provide a crude estimate
of the vertical mixing height. In order to specify the characteristic of the local planetary
boundary layer (PBL) we additionally gauged vertical mixing in that layer as described
in Weller et al. (2011a, 2014) by using the local bulk Richardson number RiB (Stull,
1988).25
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2.2 Data evaluation methods

Particle concentrations, especially within the nucleation mode are susceptible to local
contamination. Hence data recorded under potential contamination conditions, indi-
cated by wind directions within a 330–30◦ sector and/or wind velocities below 2.0 ms−1

were removed. In addition black carbon (BC) concentrations were continuously mon-5

itored by a Multi Angle Absorption Photometer (MAAP model 5012, Thermo Electron
Corp.), providing a supplemental criterion for local pollution when BC concentrations
levels exceeded 100 ngm−3. Potential contamination happened only very sporadically
within short periods (some hours at most) and on the whole, the actual data loss due
to potential contamination was virtually negligible.10

The crucial point of this study was to identify and characterize new particle forma-
tion. For this, we relied on the detailed criteria described by Dal Maso et al. (2005) and
Kulmala et al. (2012). According to these recommendations, we defined a NPF event
provided that particle size distribution starts within the nucleation mode (Dp < 25 nm)
and prevailed for more than an hour. Due to the fact that we could not assume particle15

formation to occur generally across a wide area (some 100 km), but also by local natural
sources (e.g. biogenic marine sulfur emissions from the nearby Atka Bay), we disre-
garded the particle growth criterion, which may then not be applicable (Dal Maso et al.,
2005; O’Dowd et al., 2002a). If the recorded size distribution spectra indicated parti-
cle growth, the linear growth rate (GR), defined as the change in particle diameter ∆Dp20

(nm) during a time step ∆t (h) was determined by the so-called mode fitting method and
in addition by the method of maximum concentration (Dal Maso et al., 2005; Yli-Juuti
et al., 2011; Kulmala et al., 2012). We assumed that the GR was constant throughout
the event thus determined the GR by a linear fit through the geometric mean Dp (de-
rived from the mode fitting procedure) at different times. In our case, nucleation mode25

and Aitken mode were generally well separated and log-normal distributions could be
reliably fitted to the results. In contrast, the maximum concentration method resulted
in somewhat higher GR compared to the mode fitting procedure (Table 1, values in
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parenthesis). However, the latter approach was occasionally not successful thus we
relied on the mode fitting method. Finally we estimated nucleation particle formation
rate for the size range between 3 and 25 nm defined by:

J3–25 =
∆N3–25

∆t
(1)

Here, ∆N3–25 is the particle concentration in the size range between 3 and 25 nm de-5

rived from the SMPS data. Note that our approach to calculate particle formation as
well as GR presumes a homogenous air mass and thus neglects the impact of chang-
ing air mass advection. Unfortunately, particle size distribution data were only available
from 2.94 to 63.8 and 6.26 to 212.9 nm, respectively, hence an appropriate calcula-
tion of coagulation and condensation losses to correct GR and particle formation rate10

was impossible, but should usually be negligible in clean, homogeneous air masses
(Kulmala et al., 2004a; Leppä et al., 2011). In fact, during both campaigns, total con-
densation particle (CP) concentrations measured by the CPC 3022A were typically
below 1000 cm−3 and only very rarely reached 2000 cm−3. In addition, during all NPF
events nucleation mode particles (Dp < 25 nm) constituted the major component of the15

total CP concentration. According to Leppä et al. (2011), self-coagulation and coagu-
lation scavenging might have distorted in our case growth rates well below 0.03 and
0.02 nmh−1, respectively.

According to Nieminen et al. (2010) and Yli-Juuti et al. (2011), we finally estimated
the H2SO4 vapour concentration needed for the calculated GR, assuming that H2SO420

was the sole component responsible for the observed particle growth:

GR =
γ ·mv · vmol

2ρ
·cvapour (2)

with mv =molecular mass of the vapour (98 gmole−1), ρ =density of the condensed
vapour (1.6 gcm−3 assuming a H2SO4/H2O mixture), vmol =gas kinetic velocity of the
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vapour molecules (e.g. 242 ms−1 for T = 273 K), cvapour =gaseous H2SO4 concentra-
tion to be determined, and γ is close to the H2SO4 accommodation coefficient (as-
sumed to be around 1.0).

3 Results

3.1 Data presentation5

During the first summer campaign in 2012 (comprising 66 observation days and 9500
raw spectra) we identified 19 events of NPF without clearly discernible particle growth
(class II events according to Dal Maso et al., 2005). Growth rates could be reliably
determined in 8 class I or so-called “banana-type” events (Dal Maso et al., 2005). An
overview of size resolved aerosol data for the months January through March 2012 as10

well as a selected series of consecutive NPF events is presented in the Supplement
(Figs. S1 and S2) together with concurrently measured total CP concentrations, me-
teorological parameters, and the ionic composition of the bulk aerosol (data from both
campaigns reported here are available at doi:10.1594/PANGAEA.845024). Figure 1
on the other hand focuses on a striking NPF event happened in 27 January, where15

a simultaneous nucleation- and Aitken mode growth was evident. Figure 2 shows
a more detailed topographic view of this event on a linear dN/dlogDp scale and is
supplemented by corresponding profiles of log-normal distribution fits from selected
time slices. In addition, a strikingly prolonged Aitken mode growth over about 3 days
(GR = 0.3±0.05 nmh−1) started at 1 March (doy 61) but without exhibiting a discernible20

nucleation mode (Fig. S2). Particle concentrations in the nucleation mode were strongly
correlated with total CP concentrations measured by the CPC 3022A (Fig. S1b). A cor-
relation of particle concentrations measured by the SMPS in the range between 5 and
64 nm with CP concentrations revealed a linear dependence (slope 0.992, r2 = 0.8; see
Fig. S3 in the Supplement), indicating that during summer CP number concentrations25

were dominated by nucleation and Aitken mode particles.
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In contrast, the yield of NPF events during summer 2014 (February through
April 2014, 85 observation days, 12 240 raw spectra) was rather scanty: apart from
15 class II events, only 2 class I events could be discerned. A presentation of this
time series can again be found in the Supplement (Fig. S4). During winter (August and
September 2014, 37.5 observation days, 5370 raw spectra), two certain class II events5

were evident (14/15 August and 21 September, Fig. 3). Figure 4 presents the mean
particle size distribution during both winter events and for comparison for a typical non-
event day (18 August 2014). Table 1 summarizes all evaluated class I events and lists
the calculated GR, nucleation particle formation rates (J3–25) and the estimated H2SO4
concentration hypothetically needed for the respective GR.10

3.2 Meteorological aspects

Regarding local meteorology, virtually all NPF events observed at NM occurred dur-
ing southerly wind directions (180±60◦) with wind velocities below 12 ms−1 (typically
between 4 and 8 ms−1) and mostly bright weather conditions prevailed. In all cases
the local PBL was characterized by RiB numbers< 0.25, indicating turbulent flow and15

a well-mixed PBL. This was supported by HYSPLIT back trajectory analyses indicat-
ing vertical mixing heights around 250 m (range: 100 to 600 m) for the last 6 h before
arrival at NM (5 days back trajectories for the most prominent nucleation events are
presented in the Supplement, Fig. S5). Note, however that mixing heights provided
by HYSPLIT should be treated as a rough estimate, particularly regarding the Antarc-20

tica PBL due to the impact of katabatic winds and the fact that vertical wind compo-
nents could be somewhat uncertain for regions with sparse meteorological input data.
The spatial extend of NPF events associated with appreciable particle growth could be
estimated to be around 170±85 km, taking into account the prevailing wind velocity
(around 8±4 ms−1) and the confined NPF duration (around 6 h, Table 1). Correspond-25

ing backward trajectories revealed that air masses typically travelled along the Antarctic
coastline up to five days before arrival at NM (Fig. S5). The contact time of these tra-
jectories with open water or sea ice appeared rather limited and often happened just
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some hours before arrival at NM. In general, during NPF events trajectories stayed
below 1000 m above ground for the last 48 h before arrival at NM and mainly within
the vertical mixing heights derived from HYSPLIT for the last 24 h. Only for the NPF
event at 16 March 2012 air masses clearly descended from the free troposphere (in
this case> 2000 m above ground) within the last 24 h before arrival at NM.5

During summer, nucleation events showed a distinct diurnal cycle. They typically oc-
curred in the second half of the day indicating a link to local photochemistry, though
being sometimes delayed to the diurnal maximum of UV radiation by a few hours
(Figs. 1 and S2; Table 1). In contrast, winter events happened either several hours
around midnight or more than day-long (Fig. 3). Again, respecting 5 days back tra-10

jectories documented a similar advection pattern as for the summertime NPF events
(Fig. S6).

During stormy weather, occasionally enhanced particle concentrations appeared
below 10 nm. In this context, it is worth to mention that Virkkula et al. (2007) and
Asmi et al. (2010) observed at Aboa some nucleation events associated with high15

wind speeds and suggested ion production by fast moving ice crystals followed by
subsequent ion-mediated nucleation. As for NM the situation was somewhat unclear,
because charged particle concentration data were not available and during stormy
weather the overall electrostatic charge in combination with inherently critical electrical
grounding conditions on ice may have provoked instrumental artefacts.20

4 Discussion

4.1 Extent of particle growth

In view of previous results from Antarctica (Asmi et al., 2010; Järvinen et al., 2013;
Kyrö et al., 2013), NPF at NM appeared notably less efficient. Particle growth was usu-
ally confined to the nucleation mode and only once extended into the Aitken mode (at25

27 January 2012, Table 1 and Figs. 1 and 2). Regarding the latter observation, a first
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NPF event started at 07:00 UTC with a mode mean particle size of 18.7 nm finally
reaching 33.7 nm at 14:00 UTC (Table 1 and Figs. 1a and 2). Simultaneously a sec-
ond NPF started at 11:00 UTC, while the total particle number concentrations instantly
increased up to 3000 cm−3. Figure 1b indicated that concentrations of particles with
Dp > 25 nm were between 1000 and 1500 cm−3 finally reaching a mode mean diame-5

ter around 50 nm in late 29 January (Fig. 1a). Consequently, this NPF event was the
only one at NM where the growth of nucleated particles extended into a size range
potentially relevant for acting as CCN. On the other hand, a persistent, but not locally
developed Aitken mode was often present during polar day (Fig. S1) and after being
missing in August reappeared in September (Fig. 3). Notwithstanding some discrete10

events with strikingly high particle concentrations between 30 and 200 nm occurred in
August exclusively under stormy weather (wind velocity around 20 ms−1; Fig. 3). Ac-
cording to impactor measurents conducted by Teinilä et al. (2014) in the year 2010 at
NM, most probably sub-µm sea salt aerosol might also have caused the latter peculiar-
ities.15

4.2 Role of DMS derived sulfuric acid and MSA

In conjunction with the observed diurnal cycle and air mass advection pattern, particle
nucleation at NM was most probably induced by nearby emissions of marine biogenic
precursor gases (Yu and Luo, 2010). More precisely, photo-oxidation of phytoplankton
derived dimethyl sulfide (DMS) is in general the prominent photochemical process in20

the troposphere of coastal Antarctica (e.g. Minikin et al., 1998), yielding ultimately sul-
furic acid (H2SO4) and methane sulfonic acid (MSA, CH3SO3H). Nevertheless, and in
agreement with results from other Antarctic sites (Järvinen et al., 2013; Kyrö et al.,
2013), H2SO4 concentrations needed for the observed growth rates should be at
least an order of magnitude higher compared to available values actually observed25

in Antarctica: Jefferson et al. (1998) measured mean H2SO4 concentrations around
1.6×106 moleccm−3 during the SCATE campaign at Palmer Station (Antarctic Penin-
sula) in summer, and at South Pole during the ISCAT 2000 campaign H2SO4 (MSA)
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concentrations around 0.27×106 moleccm−3 (0.08×106 moleccm−3) were detected in
December (Mauldin III et al., 2004). Although the chemical composition of secondary
aerosol during summer at NM was usually dominated by DMS derived nss-SO2−

4 and
MS (Weller and Lampert, 2008; Weller et al., 2011b), observed particle growth should
yet be controlled by other low volatile vapours.5

4.3 Possible role of H2O vapour, NH3, organic vapour, and iodine oxide

Theoretical and laboratory studies revealed that H2O molecules are important for early
particle growth (2–3 nm) due to stabilization of the critical nucleus by H2SO4-hydrate
formation, while further particle growth is dominated by H2SO4 or low volatile organic
vapours (Nieminen et al., 2010; Zhang et al., 2012). These investigations indicated10

that under prevalent atmospheric conditions nucleation rate might be correlated with
relative humidity (RH), depending on NH3 and organic vapour concentrations (Zhang
et al., 2012). Concerning this point, our data were inconclusive: it seems, though in
contrast to the above mentioned investigations, that NPF events sometimes occurred
during RH decrease (Fig. S2). But this apparent correlation was particularly due to15

the fact that we mainly observed NPF in the afternoon when increasing temperatures
usually induced decreasing RH levels. In addition, a correlation between H2O vapour
partial pressure and nucleation rates derived from Eq. (1) was absent.

Apart from H2SO4 and H2O vapour, gaseous precursors like NH3, organic vapours
(notably organic amines), and inorganic iodine compounds (mainly iodine oxides) are20

known to be strongly involved in particle nucleation and particle growth (O’Dowd et al.,
2002b; Kulmala et al., 2004b; Facchini et al., 2008a; McFiggans et al., 2010; Metzger
et al., 2010; Benson et al., 2011; Dawson et al., 2012; Riccobono et al., 2012; Riipinen
et al., 2012; Wang et al., 2013). As for NH3, previous thermodenuder measurements at
NM indicated that biogenic secondary aerosol was likely an internal mixture of the acids25

H2SO4 and MSA partly neutralized by NH3 (Weller et al., 2011a). Actually, we observed
NH+

4 concentrations at NM of around 10 ngm−3. Preliminary results on the amount
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of water soluble organic carbon (WSOC, excluding MSA), determined from bulk filter
samples taken during austral summer 2011 showed values between 5 and 35 ngCm−3

(method: solid phase extraction followed by TOC analysis; J. Lehmann, personal com-
munication, 2015). Interestingly, NH+

4 and WSOC concentrations appeared thus simi-
lar to values reported from Aboa (Asmi et al., 2010) where particle growth was more5

pronounced. At Aboa, biogenic emissions by nearby melting ponds were found to be
a potential source for condensable vapour (Kyrö et al., 2013), while the surroundings of
NM are completely ice covered throughout (apart from open water dependent on sea-
sonal sea ice coverage) and the nearest insular rocky outcrops are more than 200 km
away. One may speculate that marine primary organic aerosol was dominant at NM,10

linked with sea spray formation by bubble bursting (Facchini et al., 2008b), while at
Aboa condensable organic vapour emissions from melting ponds were decisive.

Concerning iodine compounds, in situ measurements by long-path Differential Op-
tical Absorption Spectroscopy (DOAS) conducted at Halley (Saiz-Lopez et al., 2007)
as well as respective satellite observations (Schönhardt et al., 2012) revealed maxi-15

mum IO concentration of some 5 pptv (volume parts per trillion) over Antarctic coastal
regions around October. Such IO levels were comparable to coastal European sites
like Roscoff and Mace Head (O’Dowd et al., 2002b; McFiggans et al., 2010). At NM,
previous DOAS measurements using scattered sunlight primarily provided IO column
densities, but presuming that IO was restricted within the PBL (below 2 km), compara-20

ble IO mixing ratios in the range of some pptv were detected (Frieß et al., 2001, 2010).
Interestingly, at Dumont d’Urville (DDU), IO concentrations were found to be an order of
magnitude lower indicating that halogen chemistry in general was probably promoted
by the much larger sea ice extend of the Atlantic sector of Antarctica (Grilli et al., 2013).
From the mid-latitude European sites Roscoff and Mace Head there exists strong evi-25

dence for iodine mediated NPF (O’Dowd et al., 2002b; McFiggans et al., 2010) and in
a recent study, a possible impact of IO on NPF in the Arctic was inferred (Allan et al.,
2015). In view of the minor importance of DMS photochemistry, we speculate that IO
probably initiated the observed NPF at NM in late winter. The shape of both winter
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events and the fact that growth rates could not be determined indicated a local origin
where particle size distribution developed during transport time to the measuring site
(Kulmala et al., 2012).

5 Conclusions

In summary, NPF events were most likely mediated by H2SO4/NH3/H2O ternary nu-5

cleation during summer at NM, while the observed particle growth was governed by the
availability of other yet not identified gaseous precursors, most probably low volatile or-
ganic compounds of marine origin. Due to the apparent deficit of the latter, particle
growth was accordingly restricted within the nucleation mode and in the main did not
extend to particle diameter ranges relevant for acting as cloud condensation nuclei.10

Given that particle growth in the early stage (i.e. within the nucleation mode) was gov-
erned by low volatile vapours other than H2SO4, another remaining crucial question is,
in which way the finally sulfuric acid dominated secondary aerosol at NM was ultimately
generated. During summer, a potential role of iodine oxides in particle nucleation was
unclear, while for the observed winter events these compounds could be potential can-15

didates. But then, the even more pronounced deficit of condensable vapour due to
depressed photochemical activity impeded particle growth beyond particle diameters
of about 15 nm.

In conclusion, our investigations indicate three crucial points concerning NPF in
Antarctica that are supposed to be addressed in future work: (i) up to now, from this20

region only sparse and inadequate knowledge exists on organic aerosols, in particu-
lar secondary organic aerosol. Identification of the most important compounds, their
origin and source strength is still fragmentary at best. (ii) IO concentrations should be
measured year-round by in-situ techniques in order to better assess its role in NPF and
validate respecting satellite retrievals. (iii) The role of free tropospheric air in providing25

gaseous precursor for particle nucleation and growth within the PBL needs clarifica-

15669

http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/15/15655/2015/acpd-15-15655-2015-print.pdf
http://www.atmos-chem-phys-discuss.net/15/15655/2015/acpd-15-15655-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/


ACPD
15, 15655–15681, 2015

Natural new particle
formation

R. Weller et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

tion. This point appeared especially important for continental Antarctica in view of the
recently described NPF events observed at Dome C (Järvinen et al., 2013).

The Supplement related to this article is available online at
doi:10.5194/acpd-15-15655-2015-supplement.
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Table 1. Nucleation events of class I (Dal Maso et al., 2005) during austral summer 2012 and
2014: time period during which the particle growth in the given range was observed, growth rate
determined by log normal mode fitting and maximum concentration (in parenthesis) method,
particle formation rate in the size range 3 to 25 nm (J3–25), and estimated H2SO4 vapour con-
centration needed for the observed growth rate.

Date (doy 2012) Time period Growth rate
(nmh−1)

Range
(nm)

J3–25

(s−1)
H2SO4
needed
(moleccm−3)

27 Jan 2012 (27) 07:00–14:00
11:00–18:00

1.9±0.1 (2.5±0.3)
1.8±0.1 (2.1±0.3)

18.7–33.7
6.8–20.2

0.1±0.05
n.d.a

7.3×107

6.6×107

23 Feb 2012 (54) 12:00–18:00 0.61±0.07 (n.d.) 4.9–8.9 0.1±0.03 2.4×107

25 Feb 2012 (56) 13:00–17:00 0.87±0.07 (n.d.) 5.2–8.4 0.03±0.01 3.3×107

27 Feb 2012 (58) 11:00–18:00
13:00–18:00

1.0±0.05 (1.1±0.15)
0.87±0.09 (1.0±0.2)

11.6–18.5
5.2–9.1

0.06±0.02
0.06±0.02

3.7×107

3.7×107

8 Mar 2012 (68) 08:00–17:00 0.83±0.04 (1.0±0.1) 7.8–14.8 0.02±0.01 3.2×107

9 Mar 2012 (69) 14:00–19:00 0.84±0.08 (1.4±0.3) 5.2–9.1 0.08±0.03 3.7×107

16 Mar 2012 (76) 10:00–16:00
14:00–21:00

0.8±0.1 (1.5±0.6)
1.0±0.09 (1.1±0.2)

13.2–18.3
5.9–12.9

0.07±0.02
0.09±0.03

3.0×107

1.8×107

24 Mar 2012 (84) 15:00–19:00 0.5±0.05 (n.d.) 4.1–6.1 0.02±0.01 2.7×107

6 Feb 2014 14:00–19:00 0.4±0.2b (n.d.) 8.8–11.3b n.d.c 1.5×107

24 Mar 2014 11:00–18:00 0.46±0.1 (n.d.) 14.5–16.6 n.d.c 1.7×107

a n.d.=not determined.
b Measured with the long DMA (TSI model 3081) with enhanced uncertainty below 10 nm.
c Particle formation rate not determined due to higher cut-off of the SMPS used during this period.
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Figure 1. Time series of the measured particle size distribution dN/dlogDp (cm−3) on a loga-
rithmic scale (color code to the right of the contour plot) of a NPF event around 27 January 2012
showing a growing nucleation and Aitken mode (a), corresponding CP concentration (black line)
and particle concentrations between 3 and 25 nm (UCP3–25, red line) (b), wind velocity (red line)
and wind direction (black line) and UV radiation at wavelengths between 300 and 370 nm (blue
line) (c).
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Figure 2. Detailed presentation of the NPF event around 27 January 2012 with a linear
dN/dlogDp (cm−3) scale as z axis, based on hourly mean SMPS data recorded with 64 channel
resolution. The lower panel shows exemplarily six log-normal distribution fits through size dis-
tributions measured at 27 January between 12:00 and 17:00 UTC. The mode mean diameters
(in nm) are noted next to the respecting modal maxima.
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Figure 3. Time series of particle size distribution dN/dlogDp (cm−3) measured during win-
ter 2014 (12 August through 27 September, logarithmic color code to the right of the contour
plot) (a), CP concentration (b), wind velocity (red line) and wind direction (black line) (c). The
yellowish shaded areas in (c) mark stormy weather conditions associated with snow drift.
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Figure 4. Mean size distribution (red line) and range of geometric standard deviation (grey
envelope) during both winter particle nucleation events (15/16 August and 21 September 2014),
as well as for typical winter day without nucleation (18 August 2012).
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